Europaisches Patentamt 

European Patent Office @ PubOcation number: 0 206 02 8 


OfHce 6urop6en des brevets 


® EUROPEAN PATENT APPLICATION 


A1 


@ AppUcation number. 8610762U @ (nta.«:A01N 57/12, A 01 N 47/12, 

@ DateaffflIng:04.a6U» ^ 01 N 47/06, A 01 N 37/10. 

^ DateoTitiing.U4.ii6a» ^ 37/02, A01 N 33/12 


Priority: 07.06^ JP 123812/85 


Date of publication of appPcation: 30.12.86 
Bulletin 88/62 


@ Designated Contracting States: DE FR QB IT 


@ Applicant: MITSUBISHI GAS CHEMICAL COMPANY, 
INC., 5-2» MarunouchI 2-chome Chlyoda-Ku, Tokyo (JP) 


® 


Inventor: Suzuki, Akinori, Sonoo-]utaku 1-To 

No. 105, 1320-baiichi. Sonoo-cho, Chlba-ehl Ctdba-ksn 

(JP) 

Inventor: Hyeon, Suong Be, 1-23^205, 

Harigaya 4-chome, Urawa-ehl Sallama-fcen (UP) 

Inventor: Tamano, Akira, 3-2-32, Hayadohil Kita, 

Toyoaaka-shl Nllgata-ken (JP) 

Inventor: Tanaka, AUnori, 3-1, Takara-machl Nllgata-shi, 

Nngata-ken(JP) 

Inventor: Funiahlma, Maaakazu, 134-185; Kita 
Nagareyama-alii, Chlba-ken (JF^ 


Representative: Kraus, Walter, Dr. et al, Patentanwfilto 
Kraua, Welaert ft Partner Thomaa-WImmer-RIng 16, 
D-8000MOiidien22(DE) 


@) Plant growth promotioii. 

@ This invention relates to use of compounds of the formula 
— —1 © 

R-N-CH2CH2-O-X 


L CH3 


OH® 


(I) 


M 
O 

(0 

o 

CI 


wherein R represents a 02-5 alkyt. C2-5 aJkenyt or C2-5 aikynyi 
group, and X represents a hydrogen atom, a alkylcarbonyl, 
carbamoyl, benzoyl, chtoromethytcart)onyl or methoxycarbo- 
nyt group, or -PO^Hz, and agriculturally acceptable salts 
thereof in promoting the growth of plants. 


ui 
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This invention relates to the promotion o£ plant 
growthf and more specif icallyr to a method of promoting the 
photosynthetic action and root-forming action of a plant 
and promoting its growth. 
5 One method of increasing the ability of a plant 

to produce a substance is to increase its photosynthetic 
ability. Some attempts have been made to promote the 
photosynthesis of plants by selecting substrates or em- 
ploying chemical means. For example, choline salts are 

10 known to have a plant growth ^omoting effect. U. S. 
Patent 4,309,205 discloses a method of increasing the 
quantity and quality of flowers and fruits of a plant 
growing in soil which comprises applying to a mature plant 
during its reproductive stage a flower or fruit quantity 

IS and quality improving effective amount of at least one 
non-toxic salt of choline in an aqueous medium. U. S. 
Patent 4,488,901 discloses a method of increasing the cold 
resistance of a plant, which comprises treating a culti- 
vated plant before a temperature drop with an aqueous 

20 solution of at least one compound of the formula 

HO-fCHj^j^NHj wherein n is an integer of 2 to 5 or its N,N,N- 
trimethyl-quaternary eunmonium salt thereof. 

The present inventors have long worked in search 
of a substance capable of effectively promoting the photo- 

25 synthetic and root-forming action of plants by chemical 
treatment, and have now found that a certain aminoethanol 
derivative has the ability to promote the photosynthetic 
and root-forming actions of plants significantly. 

According to this invention, there is provided a 

30 method of promoting the growth of plants, which comprises 
applying an effective amount of at least one active com- 
pound selected from the group consisting of compounds of 
the formula 


R-N-CHjCHj-O-X Orf^ (I) 
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wherein R represents a Cj^g alkylr Cj.j alkenyl 
or Cj^g alkynyl groupr and X represents a hy- 
drogen atom, a Cj.g alkylcarbonylr carbamoyl r 
5 benzoyl, chloromethylcarbonyl or methoxycarbonyl 

groupr or -PO^Hjr 
and agriculturally acceptable salts thereof to the stalks, 
leaves, roots or seeds of the plants* 

In formula (I), the Cj.g alkyl group represented 
10 by R may be linear or branched, and includes, for example, 
ethyl, n-propyl, iso-propyl, n-butyl, isobutyl, sec--butyl, 
tert-butyl, n-pentyl and tert-pentyl. The Cj.g alkenyl may 
also be linear or branched, and includes, for example, 
vinyl, allyl, methallyl, 2-butenyl, 3-butenyl, and 2-{3- 
15 methyl) but enyl. Examples of the Cj.g alkynyl group are 
ethynyl, 2-propynyl and butynyl. 

The alkyl moiety of the Cj.g alkylcarbonyl group 
represented by X may be linear or branched, and specific 
examples of the C2.Q alkylcarbonyl group include acetyl, 
20 propionylr n-butyryl, isobutyryl, n-valeryl, caproyl and 
capryloyl. 

Alkyl groups having 2 to 4 carbon atoms and a 
methallyl group are preferred as R, and X is preferably a 
hydrogen atom or a Cj.^ alkylcarbonyl group. 

25 The agriculturally acceptable salts of the com- 

pounds of formula (I) include, for example, hydrohalogen- 
ates such as hydrochlorides and hydrobromides, inorganic 
acid salts such as phosphates, nitrates, sulfates and 
carbonates, and organic acid salts such as acetates, 

30 citrates, lactates and L(+) -tartrates. Of these, the 
hydrochlorides and hydrobromides are preferred. 

The compounds of formula (I) or its salt can be 
produced, for example, by (a) reacting an N,N-dimethyl- 
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ethanolamine represented by the formula 
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"* N-CHjCHj-O-X (II) 
CH^ 

wherein X is as defined hereinabove^ 
with a halide represented by the formula 

R-Hal" (III) 

wherein Hal represents a halogen atom, and R is as 
defined above, 

to obtain a compound represented by the following formula 


CH. 


*3 
•I 

CB 


® 


R-N-CHjCHj-O-X 


3 


Hal® (IV) 


10 wherein R is as defined above, or 

(b) reacting a compound of formula (IV) in which X is 
a hydrogen atom with a Cj.b alkylcarbonyl halide, Cj.g 
alkanoic acid anhydride, carbamoyl halide, benzoyl halide, 
chloroacetyl halide or phosphoric acid to form a compound 

15 of formula (I) wherein X is as defined but other than a 
hydrogen atom. 

Some embodiments of their production are shown 

below. 

Production Example 1 

20 A 100 ml eggplant-shaped flask was charged with 

8.91 g of N,N-dimethylethanolamine, and 30 ml of diethyl 
ether was added. The mixture was stirred, and 11.45 g of 
allyl chloride was added. The mixture was stirred at room 
temperature for 2 days. The resulting white precipitate 

25 was collected by suction filtration, well washed with 
dimethyl ether, and dried in a desiccator under reduced 
pressure to give 9.01 g (yield 55%) of a compound of the 
following formula 
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0 


(compound No. 4 in Table 1 given hereinbelow) • 
Production Example 2 

A 50 ml eggplant-shaped flask was charged with 
4.46 g of NfN-dimethylethanolamine and 7.0 g of n-butyl 
bromide^ and the mixture was stirred at room temperature 
for 15 hours, and then worked up as in Production Example 1 
to give 10.46 g (yield 93%) of a compound of the following 
formula 


(compound No* 3 in Table 1 given hereinbelow) • 
Production Example 3 

A 50 ml eggplant^shaped flask was charged with 
4.24 g (20 mmoles) of a compound of the formula 


and 10.21 g (100 mmoles) of acetic anhydride, and they were 
reacted at 100*^C for 5 hours. After cooling, anhydrous 
ether was added to precipitate a compound (compound No. 15 
in Table 1) of the formula 


as crystal. The crystals were collected by suction filtra- 
tion, dried, and dissolved in anhydrous ethanol. Anhydrous 
ether was added, and the crystals were recrystallized from 
anhydrous ether. Yield: 72.6%. 


CH3 "N^© 
n-C^Hg-N-CHjCHj-OH Bz® 
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Product ign Example 4 

3.07 g (20 mmoles) of a compound of the formula 


CH^ 


CjHg-N-CHjCHj-OH 


0 


and 14.06 g (100 mmoles) of benzoyl chloride were reacted 
as in Production Example 3. Recrystallization gave a 
compound (compound No. 18 in Table 1) of the following 
formula 


CH. 


CjHg-N-CHjCHj 
^ CH, 


-0-C-0-<^ 


CI 


© 


in a yield of 78.5%. 

Production Example 5 

A mixture of 2.65 g (0.02 mole) of Nf N-dimethyl- 

carbamoylethanolamine, 1.6 g (0.025 mole) of chloroethane 
and 10 ml of acetonitrile was heated at lOO^C for 5 hours 
in a 100 ml autoclave, and the solvent was evaporated by 
an evaporator. The resulting crystals were r eery stall ized 
from ethanol-ether to give a compound of the formula 


CjHg -N-CHjCHj-O-CONHj 


CH, 


© 


cr 


© 


(compound No. 26 in Table 1) in a yield of 27.9%. 
Production Example 6 

3.07 g (0.02 mole) of a compound of the formula 


CjHg-N-CHjCHj-OH 
CH, y 


© 


in the form of a solid was gradually added to 11.29 g (0.1 
mole) of chloroacetyl chloride, and the mixture was stirred 
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at room temperature for 5 hours. Ether was addedr and the 
resulting oily precipitate was separated, washed with 
ether, and crystallized. The crystals were recrystallized 
from ethanol-ether to give a compound of the formula 


CH3 ^@ 


CjHg -N-CHjCHj-O-COCHjCl 


cr 


,0 


(compound No. 24 in Table 1) in a yield of 70.8%. 

In the same way as in Production Examples 1 to 6/ 
the compounds of formula (I) or salts thereof shown in 
Table 1 can be obtained. Table 1 also describes the com- 
pounds obtained in Production Examples 1 to 6. 


- 7 - 


0206028 








CP 


%J* 



Tit 








c 


G 



C 


































Ci 


f% 

yJ 



r 1 




CO 




4J 0 


4J in 



4J 0 




u 




Q) ^ 


41 ro 



Ml 




Q) 




M XO 





t « tA 
>fc# 








1 1 « 


1 1 _j 



1 i _J 




•U 




0) 


WJ 



m 

w 




0 

















r 1 


r 1 











II 


II 



a 








r k 
v-l 





w 

















c 













'M 














Q 


in 

0 

0 

0 

in 

in 

in 

0 

1 



00 

00 


00 


00 

in 


CO 

CO 

B 


4-1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

U 


01 













0 u 













1 4J 
























(0 













0) 













04 


c 













0 













•H 











1-4 


1 <P 

0 

in 

in 

0 0 

0 

0 0 

in 

0 

0 

0 



Q> OS 

VD 


00 

SO in 

vo 

CO 


p* 

00 




'O 6 













s 0 


























CP 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 




in 

in 

in 

0 

in 

in 

r- 

GO 

0 

0 




0 

0 

0 

0 

0 

0 

0 

0 

i-i 

iH 



u 

ro 

ro 

CO 

CO 

cn 

ro 

ro 

ro 

ro 

ro 



4J 

1 

1 

1 

1 


1 


I 


1 



0 

0 

0 

0 


0 

0 


0 

0 

0 



U 

in 

in 

m 

in 

in 

tn 

in 

in 

tn 

m 




vo 


vo 

vo 

vo 

vo 

vo 

vo 

vo 

vo 



0 CO 

fo 

CO 

n 

ro 

ro 

ro 

ro 

ro 

CO 

ro 

^ 

H 



VI 

u 

M 

•H 

u 

u 

u 

M 

u 






A 

0 


CO 

(0 

PQ 

CQ 

A 

CO 

CO 













X 

aa 

93 

9: 

9: 

33 

33 

3: 

33 

33 

33 






CM 



33 


CM 

CM 







32 



KJ 


33 

33 







a 

CM 

CM 


33 


a 







CM 

33 

33 

ro 

C-> 


CM 

r % 
w 





92 


C-) 

r \ 
\J 

K 

34 

r > 

an 

ro 




in 


u 

S3 

CM 

u 


II 



OS 







S3 


CM 


33 

ro 




CM 

ro \ro 

s: 

11 

U 

a 


CM 


33 





3: s 

u 

CM 

CO 

11 

ro 


n 

CJ 





u u 

CO 

33 

33 

CM 

S 

ro 

CM 






93 

a 

U 

33 

u 

33 

33 










U 































1 

6 

C 
3 

• 

iH 




in 

vo 

r- 

00 


0 

0 

0 

0 










iH 

u 













Q) 
3 
C3 

C 

o 
u 

o 


- 8 - 


0206028 





CP 






c 


















0 





CO 

4J 0 





u 

0 ro 





(U 

U f-l 





j:: 

4J CN 






09 





0 







CJ 






11 











c 













ID 

0 

0 

1 



00 


00 

g 


4J 

0 





0) 

f—{ 

r-l 




0 w 






1 4J 






o a 










0} 






04 








0 




Ce^ 


-w 




M 


1 4J 

in 











'O B 








HI 




o: 0 






CJ U-l 












c 

0 






tn 

GO 

r-4 




Q 


0 




<n 

ro 

m 




1 

1 

1 




0 

0 

0 



u 

in 

in 

in 



m 4J 






0 CO 


cn 













i4 

CO 



GQ 

>** 

rn 

CO 






X 









(N 












CO 





0 











35 






CJ 

D 


OS 



U 


1 




It 

u 





» 

CO 





a 

n 

u 





0 

m 






s 






u 






t c 







•H 

CN 


0 00 


r-4 

<H 


a Qz 






a 
c 

•H 
4J 

c 
o 
o 

a> 
o 


- 9 - 


0206028 


c 

C 

o 
u 


I) 
CO 








Q> 

0) 

0) 








cn 

C 

c 

c 








c 

ro 

(0 

(0 c 








••^ 

i-H 

rH 

rH -H 








j= 


Qi 





CO 




u 

1 c 

1 e 

1 e u 








4J 

MH O 

«M O 

(MO ^ 




0> 




o> o 

o -H in 

O O 

0 O 0) o 




i3 




u tn 

1 -U rH 

1 -U rH 

1 4J I-H ki ^ 




4-1 











o 




CO rH 

a 

O k4 

o 

3 e 

O u 

o 

3 6 CO rH 

O u 

o u 








a 

X tM 

X U4 

S <M II 








u 

1 0) 

1 O 

1 01 a 



6 






U 'O 





u 












c 











•H 










OS 

JZ 

o 

o 

O 

o 

o 

o 

tn 

o 

O 

01 

u 



CO 




r* 

GO 

o 



CN 

cv 

CM 

CM 

CM 

CM 

CM 

rH 

CM 



.H 

<-l 

rH 

iH 

rH 

rH 

rH 

rH 

rH 

OS 

O u 










i-l 

1 

U CO 











o> 











c 











•H 












m 

o 

o 

in 

o 

O 

O 

in 

o 


u 


m 

5» 



CM 

m 

m 

ro 


4J 




r» 





r* 


01 


rH 


rH 

rH 

rH 

rH 

r-l 

rH 













11 4.1 











U (0 










4J 











f-f 


VI 


i-l 

rH 

rH 

rH 

rH 


Wl 

(0 
CO 



0 

U 

u 

u 

u 



CQ 











CM 















m 

m 

ro 

in 

in 

tn 

in 




as 



EC 

as 

X 

X 

X 

X 

X 


a 

a 

o 

CJ 

vo 

vo 


CM 

u 



o 

o 

o 

p 

y 

o 

a 

a 




u 

u 

c^ 

u 

o 

CO 

o 
u 

o 
u 

COCH 

j 






CM 



CM 








as 



S 








u 



KJ 







CM 




*^ 











m 







a 




X 





in 


m 

u 

tn 


u 

in 

tn 

OS 



CO 

r \ 
\J 


as 

m 


X 

X 




u 

11 

u 

CM 

U 

u 

CM 

CM 




1 

CM 

11 

O 

1 

II 

U 





C 

SB 
U 

CM 
S 

u 


C 

CM 
X 

u 













1 c 











6 3 

• 


in 

U> 


CO 

at 

o 

rH 

CM 

o o 

o 



i-H 

rH 

rH 

rH 

CM 

CM 











0^ 
3 
C 


C 

o 
o 

01 

JO 

O 
4J 


- 10 - 


0206028 










01 









c 


c 






c 

c 


o 











•H 









J= 


JJ 

• 

Ck 





(0 

o 

o 


<a 


1 J5 





u 

4J 





w 





o 

<U O 

<u o 


Ui O 


O *H O 






U €30 



O CM 








4J O fH 









o 

rA » 
UI r-1 

O 

UJ 1— 1 

o 


O r-l 


w B 

o 






1 

n 










04 

Oi 




1 



1 

g 











o 













c 











1-1 









(0 


JC 


o 

o 

o 

o 

o 



<u 


o 

1 


fx*.. 

CM 

00 



• 

Qj 


et 


•H 


1.1 


CM 

CM 


OS 


O w 









M 


t 4J 

u w 






















c 
























O 


I* 1 



O 




o 

1 

n 


CM 

vo 

cn 

CM 

1 














Q} 











O *J 











a 4J 






























CM 











as 

i-f 



VI 

»-i 


l-I 

i-H 


i-l 

CO 





U 

a 

a 


o 


O 

CO 










cu 










cn 











n: 






iH 

r-C 



U ) 

u 






U 

O 

CM 








OB 

d 

CM 

33 








CO 

SB 

s 



r % 

CM 

hp? 




O 

U 

u 




as 






CO 

CO 

r 1 


r ) 

0)00 







CM 



CM 



















u 



r 1 








s 









in 

in 

u 

in 

in 


tn 

in 

OS 




X 

0 

s 

DS 

a 

s 

s 





CM 

CM 

CM 

CM 

CM 

CM 

CM 





U 

as 

U 

U 


U 










u 












1 C 











6 9 

• 


m 


in 

vo 


00 

o\ 

O 

O O 

o 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

m 










. . '' '' ■0206628 

Among these compounds r compounds Nos. 1, 3, 6, 
14 f 17 and 22 are preferred. Compounds Nos. 6, 14 and 17 
are particularly preferred because they are effective at 
low dosages. 

5 The compounds of formula (I) or their agricul- 

turally acceptable salts (to be generically referred to as 
the active compound of the invention) have the ability to 
increase the photosynthetic action and/or root-forming 
action of plants and to promote the growth of the plants. 

10 There is no particular limitation on the plants whose 

growth can be promoted in accordance with this invention, 
and they may include various agriculturally or horticul- 
turally cultivated plants. Specific examples include 
cereal plants such as rice, wheat, barley, and corn, 

15 leguminous plants such as soybean; plants having under- 
ground tubers or bulbs such as onion, garlic and potato; 
vegetables grown for their edible roots such as beet and 
carrot; fruits such as peach, persimmon, grape and apple; 
vegetables grown for their edible fruits such as tomato and 

20 cucumber; vegetable grown for their edible leaves such as 
lettuce, cabbage, cauliflower and spinach; and flowers such 
as tulip and cosmos. 

The active compound of this invention may be 
formulated for application in any known form, such as a 

25 wettable powder, granules, an aqueous solution, an emulsi- 
fiable concentrate or an aqueous suspension, using a con- 
ventional agriculturally acceptable carrier or diluent. 
There is no special restriction on the carrier or diluent 
used in the formulation so long as they are agriculturally 

30 acceptable. For example, talc and bentonite may be used as 
a carrier for a wettable powders and granules. The aqueous 
solution is most preferred as the form in which the active 
compound is applied. 

The resulting formulations may contain the active 

35 compound of the invention in an amount of 1 to 75% by 

weight, preferably 30 to 75% by weight. Such formulations 


0206028 

may further contain another conventional agriculturally 
active ingredient such as a fertilizer^ insecticide or 
bactericide. 

The formulations may desirably contain a surfac- 
5 tant. The amount of the surfactant is, for example, 0.02 
to 20% by weight, preferably 0.1 to 5% by weight, depending 
upon the form of the formulation to promote the adsorption 
and penetration of the active ingedients. Preferred sur- 
factants may include nonionic surfactants such as polyoxy- 

10 ethylene alkyl ethers (e.g. polyoxyethylene lauryl ether), 
and anionic surfactants such as lauryl sulfonate tri- 
ethanolamine salt. 

The active compound of this invention may be 
applied by any methods known per se . For example, it may 

15 be sprayed onto the stalks and leaves of mature plants, or 
poured onto parts near the roots. Seeds are preferably 
immersed in a solution containing the active compound of 
the present invention. 

The rate of application of the active compound of 

20 the invention varies, for example, with the type of a plant 
to be treated, the stage of plant growth, and the manner 
and timing of application. For example, for spraying onto 
the stalks and leaves of a plant, the rate of application 
of the active compound of the invention normally ranges 

25 from 25 to 3,000 g, preferably from 50 to 2,000 g, per 
hectare of the cultivated area. An aqueous solution is a 
preferred type of formulation for foliar application, and 
may contain the active compound of the invention in a 
concentration of 100 to 100,000 ppm, particularly 200 to 

30 50,000 ppm. 

Generally, the good time of applying the active 
compound of the invention is when photorespiration of the 
plant is at its peak. For example, it is desirably applied 
at some point during a period from the reproductive growth 

35 to the harvesting time. To some plants, however, applica- 
tion during vegetative growth may provide more desirable 
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effects. In other wordSr there is no specific limit to the 
timing of application. 

In the case of pouring the active compound of the 
invention, it is usually advantageous to apply an aqueous 
5 solution containing the active compound of the invention in 
a concentration of 1 to 5,000 ppm, preferably 5 to 1,000 

ppm, to parts near the roots of a plant at a rate of 10 to 

3 3 
100 m , preferably 20 to 50 m , per hectare. 

When the active compound of this invention is 
10 used to treat plant seeds, it is suitable to immerse the 
seeds in an aqueous solution normally containing 0.05 to 
2,000 ppm, preferably 0.1 to 1,000 ppm, for about 1 to 
about 48 hours, preferably about 4 to about 24 hours. 

To use the active compound of the invention for 
15 root formation or anchoring of rice seedlings, it is the 
general practice to pour an aqueous solution of the active 
compound onto the roots of the rice seedlings before trans- 
plantation, preferably at least 10 days before trans- 
plantation. 

20 The method, time and rate of application and the 

expected effect of the active compound of the invention on 
typical plants are summarized in Table 2. 


Crop 


Method of 
application 


rioe, wheat, foliar 
barley 


soybean foliar 
(leguminous 
plants) 


onion, garlic foliar 
tulip 


potato 


peac^, 
persinnon, 
grape, apple 


foliar 


foliar 


- 14 - 
Table 2 

Tiine of 
application 

from 40 days 
before heading 
to 10 days 
after teading 

from 10 days 
before flower- 
ing to 20 days 
after flowering 


early stage of 
bulb swelling 

eoirly stage of 
tuber growth 


flowering stage 
to 10 days 
before harvest 


0206028 


Rate of 
applicaticm 

100-2000 g/ha 


50-1000 g/ha 


Expected 
effect 

increased 
harvest 


increased 

harvest 

(increased 

number of 

pods) 


50-1000 g/ha bulb swelling 


50-1000 g/ha 


10-2000 g/ha 


tuber growth 
and increased 
yield 

size increase 
of fruits, 
increase of 
sweetness, 
maintenance 
of freshness 


%d)eat, barley foliar 


rice 


seed 

treatment 


idieat, barley seed 

treatmait 


2- to 3-leaf 
stage 

immersed for 
24 hours after 
immersion in 
water for 2 days 

imnersed for 
24 hours 


50-1000 g/ha growth 

promotion 


0.1-1000 ppm 


promotion of 
growth and 
root f ormatim 


0.1-1000 ppa promotion of 
growth and 
root f ormatim 


tcmatd, 
lettuce 


treatment 


imnsersed for 
24 hours 


1-300 ppm 


promotion of 
growth and 
root formation 


rice seedling pouring 


from the 2-leaf 5-500 mg^ 
stage to the /1800 oq 
time before 
transplantaticm 


promotion of 
growth and 
(10-1000 Fpm) root formation 


tomato pouring seedling stage 

seedling 


1-100 mg growth 
seedling promotion 
(10-1000 ppm) 
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By applying the compound of formula (I) or its 
agriculturally acceptable salt to a plant in accordance 
with this invention, the photosynthetic action and root- 
forming action of the plant can be greatly increased, and 
consequently, the growth of the plant can be promoted. For 
example, the active compound of this invention can promote 
the root formation of plants such as rice, wheat, 
barley, beet, sweet potato, potato and onion and plants 
such as corn and sugarcane, nurse their sound seedlings, 
promote their growth in the early stage, and incrase the 
harvest of the crops. Furthermore, it can increase the 
sweetness and size of fruits such as apple, persimmon, 
peach, orange and lemon, promote their coloration, and 
maintain their freshness. It can further promote size 
increase of bulbs of flowers such as tulip, and promote the 
flowering of cosmos, etc. 

For application of the active compound of the 
invention to plants, it may be formulated into a wettable 
powder, an aqueous solution, a suspension in water or oil, 
etc. Typical formulation examples are given below. 
Formulation Example 1 

Aqueous solution:- 

Fifty grams of compound No. 4, 10 g of polyoxy- 
ethylene oleyl ether and 10 g of triethanolamine lauryl 
sulfate and 180 g of pure water are mixed to prepare an 
aqueous solution containing 20% of compound No. 4. 
Usually, it is used after it is diluted to 100 to 1000 
times. 

Formulation Example 2 

Wettable powder:- 

Fifty grams of compound No. 20, 2 g of sodium 
dodecylbenzenesulfonate, 1 g of polyoxyethylene alkyl aryl 
ether, 10 g of talc, and 37 g of bentonite are uniformly 
mixed and pulverized to give a wettable powder containing 
50% of compound No. 20. 

The excellent plant growth promoting activity of 


. . ' 0 2 06 0 2 8 

the active compounds of this invention are demonstrated by 
the following Test Examples. 
Test Example 1 

Photosynthesis using protoplasts :- 
5 Wheat (Variety: Norin No. 61) was cultivated for 

10 days in vermiculite as soil in a phytotron kept at 25^C 
in the day time under natural light and 20^C at night. 
Protoplasts were isolated from the wheat by a conventional 
method [see Plant Physiol. (1978) ^ 62, 313-319]. The 

10 effect of the protoplasts on photosynthesis was examined in 
the folloiwng manner using an oxygen electrode. 

The protoplasts were incubated for 1 minute with 
the test compound in a reaction solution [HEPES-KOH buffer 
(pH 7.6), 0.4M sorbitol, ImM EDTA, 0.3mM sodium hydrogen 

15 carbonate], and then light (100,000 lux) was irradiated to . 
initiate photosynthesis. The activity was examined in 
comparison with a non-treated lot (containing no test 
compound). The results are shown in Table 3. 
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Compound 

visj • 

Concentation 

\ UU'l / 

Increase in 

1 

10 

+++ 

2 

II 

++ 

3 

n 

++++ 

4 

n 

++++ 

5 

It 

+++ 

6 

n 

++++ 

7 

II 

++ 

8 

n 

++ 

9 

II 

+++ 

10 

n 

++ 

11 

fi 

+++ 

12 

Iff 

+++ 

14 

n 

+++ 

15 

n 

++ 

16 

a 

++ 

17 

n 

+++ 

18 

II 

+++ 

19 

n 

+++ 

22 

0.01 

+++ 

23 

n 


28 

n 

+++ 

30 

0.1 

+++ 

Choline 

chloride 

(comparison) 

10 

+ 


(*) 

Decreased from that in 

the non-treated lot. 

+ : 

Same as 

•1 

+ : 

0-5% increase from 

n 

++: 

5-10% increase from 

n 

+++: 

10-15% increase from 

It 

++++: 

More than 15% increase 

from " 
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Test Example 2 

Seeds of wheat were caused to absorb water, and 
divided into two groups. Bach group of seeds were sown on 
a predetermined amount of vermiculite and cultivated for 10 
5 days in a natural light phytotron kept at 25^C in the day 
time and 20^C at night. An aqueous solution containing 
the test compound and 200 ppm of polyoxyethylene alkyl aryl 
ether (surfactant) was sprayed onto the plant. Four, and 6 
days later, protoplasts were isolated from the wheat, and 
10 the photosynthetic activity per chlorophile was measured by 
an oxygen elecrode method with regard to both a lot treated 
with the test compound and a non-treated lot. The results 
are shown in Table 4. 



Table 

4 


Compound 
No. 

Spray con- 
centration 
(ppm) 

Activity ratio to the 
non-treated lot 



4 days 

6 days 

1 

300 

115 

112 

4 

300 

109 

115 


Test Example 3 

Five rice seeds (variety: Nihonbare) germinated 
to about 2 mm were put into each of test tubes, and 1 ml of 
an aqueous solution of the test compound (adjusted to pH 7} 
20 was added. (Only water was added to a non-treated lot) . 

The seeds were grown at 25^C under artificial light, and on 
the 9th day, the length of the overground portion (stalks 
and leaves) of each plant and the length of the longest 
root were measured. The results are shown in Table 5. 
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Compound 

NO. 

Concent- 
ration 
(mH) 

Overground 
portion 
(ratio to 
the non- 
treated 
lot) 

Root portion 
(ratio to the 

non-treated 

lot) 

Non- 

- 

100 

/ P A mm \ 
\ O • 4 null/ 

100 

(A n mm \ 

1 

1 

96 

143 


0.3 

104 

124 

3 

1 

101 

135 


0.3 

105 

127 

4 

1 

120 

118 


0.3 

110 

125 


Test Example 4 

About 1 liter pots were filled with soilr and 
seeds of corn and soybean were sown. An aqueous solution 

5 of the test compound was sprayed onto the surface of the 
leaves at a rate of 1 ml per pot 14 days after sowing in 
the case of corn and 30 days after sowing in the case of 
soybean. Twenty days after the spraying, the overground 
portions (stalks and leaves) of both of these crops were 

10 reaped, and weighed. The results are shown in Table 6. 
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Table 6 


Compound 
No. 

Concentration 

Ratio to the non- treated 
lot 



Corn 

Soybean 

4 

1000 

128 

117 


500 

129 

115 

3 

1000 

115 

114 


300 

113 

117 

6 

1000 

132 

119 


300 

125 

115 

Non- 
treated 
lot 


100 
(2.41 g per 
plant) 

100 
(7.53 g per 
plant) 


Test Example 5 

Each of the test compounds in each of the dosages 
5 shown in Table 7 was dissolved in 1000 liters of water, and 
200 ppm of polyoxyethylene alkyl aryl ether was added as a 
surfactant. On May 10 r the solution was sprayed onto the 
leaves of wheat (variety: winter wheat "horoshiri") 30 days 
before flowering. On July 26, the wheat was harvested, and 
10 the dry weight of the overground portions (stalks and 
leaves) and the amount of harvest were measured. 

In the non-treated lot, only a mixture of water 
and the surfactant was sprayed. 

The test results are shown in Table 7. 
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No. 

(g/ha) 

Dry weight of 
the overground 

portions 

Amount of 
harvest 



Kg/ na 

Ratio to 
the non- 
treated 
lot 

kg/ ha 

Ratio to 
the non- 
treated 
lot 

Non- 
treated 

- 

14040 

100 

5870 

100 

6 

600 

15920 

113 

6990 

119 


300 

16830 

120 

7510 

128 

14 

600 

18790 

118 

7280 

124 


300 

16430 

117 

7220 

123 

17 

600 

16150 

115 

7040 

120 


300 

16710 

119 

7280 

124 


Test Example 6 

Paddy soil was filled in Wagner pots (1/5000 a) 9 
5 and a chemical fertilizer (nitrogen content 10%, phosphorus 
content 24%, potassium content 16%) was applied to the soil 
as a base fertilizer at a rate of 2 g/pot. On Hay 25, 6 
rice seedlings (variety: "koshihikari") were transplanted 
in each pot, and cultivated in a greenhouse. On August 7 
10 (immediately after heading), an aqueous solution of each of 
the test compounds shown in Table 8 in the concentrations 
indicated (containing 200 ppm of polyoxyethylenealkyl aryl 
ether as a surfactant) was sprayed onto the leaves of the 
rice plants. 

15 On September 20, the rice plants were reaped, and 

the amount of refined rice was examined. The results are 
shown in Table 8. In the non-treated lot, only a mixture 
of the surfactant and water was sprayed. 
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No. 

(g/ha) 

Amount of refined 
rice harvested as 
ratio to the non- 

Non- treated 

— 

100 (19,8 g/pot) 

3 

1000 

117 


300 

135 

4 

1000 

127 


300 

122 

6 

1000 

117 


300 

144 

14 

1000 

132 


300 

141 

15 

1000 

116 


300 

115 

16 

1000 

126 


300 

115 

X7 


XZD 


300 

143 

22 

1000 

124 


300 

128 

28 

1000 

114 


300 

115 


Test Example 7 

On December 21, wheat (variety; Nor in No. 61) was 
5 sown in pots (1/85500 a) . On January 6 (after half a month 
from sowing), three individuals of wheat (2*5-leaf) having 
the same growth state were left per pot, and the rest were 
cut off at the roots. An aqueous solution of each of the 
test compounds indicated in Table 9 and choline chloride as 
10 a comparison in a concentration of 1000 ppm was sprayed 
onto the wheat plants at a rate of 1 ml per pot. On March 
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5 (after 2 months), the weight of the overground portions 
(stalks and leaves) in the fresh state and dried state 
(after drying at lOS^C for 24 hours), and the height of the 
overground portions were measured. This test was carried 
5 out in a glass greenhouse using a set of 4 test lots. 
The results are shown in Table 9. 

Table 9 


Compound No. 

Ratio 

to 

the non-treated 

lot (%) 


Height 

Fresh weight 

Dry weight 

Non-treated 

100 
(29.3 

cm) 


100 
(2.53 g per 
plant) 

100 
(0.64 g per 
plant) 

4 

114 



135 

144 

5 

115 



139 

141 

6 

119 



140 

148 

16 

120 



143 

142 

Choline 
chloride 

ICQ 

105 

105 


Test Example 8 

10 An aqueous solution containing 100 ppm of each of 

compounds Nos. 1 and 6 and 200 ppm of polyoxyethylene alkyl 
aryl ether as a surfactant was sprayed on all over persim- 
mon trees (seedless variety) at a rate of 2500 liters/ha by 
a power sprayer one month before harvest. After harvest- 

15 ing, the persimmon fruits were sealed up in polyethylene 
bags together with 0*8% by weight, based on the weight of 
the fruits, of 38% ethanol, and allowed to stand at room 
temperature for 10 days to remove tannin. After opening 
the bags, the weight, sweetness degree and freshness main- 

20 tenance of the fruits were measured. The results are shown 
in Table 10. 
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Table 10 


Compound 
No. 

On the 
harvest 

day of 

After tannin removal 


Average 

fruit 

weight 

(g) 

Color 
of the 
top of 
the fruit 

Average 
sweetness 
degree 
(Brix, %) 

Average 
day lapsed 
until soft- 
ening 

Non- 
treated 

129.6 

5.65 

17.0 

4.0 

1 

132.4 

6.01 

18.0 

20.0 

6 

141.1 

6.21 

18.4 

25.0 


Test Example 9 

Cotton was spread at the bottom of a tubular 
5 bottle having a diameter of 5 cm, and 10 ml of an aqueous 
solution of each of the test compounds indicated in Table 
11 and choline chloride as a comparison in a concentration 
of 1 ppm was added. Six seeds of lettuce whose germination 
had been forced were put on the bottom of the bottle in a 
10 circler and grown at 25^C under natural light (1500 lux) 
for 7 days. Then, the lengths of the overground portion 
(stalks and leaves) and the root portion were measured. 
The results are shown in Table 11. 
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Table 11 


^oinpounu MO« 

Length as a ratio to 
the non-treated lot (%) 


foliar portion 

root portion 

Non-treated 

100 
(15.8 mm) 

100 
(19.9 mm) 

1 

148 

137 

3 

101 

130 

5 

128 

126 

Choline 
chloride 

105 

107 
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What is claimed is: 

1. A method of promoting the growth of plants, which 

comprises applying an effective amount of at least one 
active compound selected from the group consisting of 
compounds of the formula 


R-N-CHjCHj-O-X 


(I) 


wherein R represents a Cj.g alkylr ^2-5 ^^^^"^y^ 
or Cj.g alkynyl group, and X represents a hy- 
drogen atom, a Cj.g alkylcarbonyl, carbamoyl, 
benzoyl, chloromethylcarbonyl or methoxycarbonyl 
group, or -PO^Hjr 

and agriculturally acceptable salts thereof to the stalks, 

leaves, roots or seeds of the plants. 

2. The method of claim 1 wherein the active compound 
is applied in the form of an aqueous solution. 

3. The method of claim 2 wherein the aqueous solu- 
tion contains 0.02 to 20% by weight of a surfactant. 

4. The method of claim 1 wherein the active compound 
is applied in the form of an aqueous solution to the stalks 
and leaves of mature plants at a rate of 25 to 3,000 g per 
hectare of the cultivated area for the plants. 

5. The method of claim 1 wherein seeds of the plants 
are immersed in an aqueous solution containing the active 
compound in a concentration of 0.05 to 2rOQO ppm. 

6. The method of claim 1 wherein an aqueous solution 
containing the active compound in a concentration of 1 to 
5,000 ppm is poured onto parts near the roots of seedlings 
of the plants. 

7. Use of the compound of formula (I) or its agricul- 
turally acceptable salt for the promotion of plant growth. 

8. A plant growth promoting composition comprising 
(1) at least one active compound selected from 

the group consisting of compounds of the formula 
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R-N-CH-CH,-0-X 


0^ 


(I) 



wherein R represents a Cj.g alkyl, C2.5 alkenyl 
or Cj^j alkynyl groupr and X represents a hy- 
drogen atom, a Cj.g al kyl car bony 1, carbamoyl , 
benzoyl, chloromethylcarbonyl or methoxycarbonyl 
group, or -PO^H^, 


and agriculturally acceptable salts thereof, and 

(2) an agriculturally acceptable carrier or 

diluent. 
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